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Since a particular arrangement of filaments, which
has come to be known as the 9 + 2 pattern, is
found with one exception (9) in all motile cilia
and flagella that have heretofore been examined
with the electron microscope, some interest
(2, 3, 5) has arisen in the remarkable stability of
this pattern and its universal occurrence . Bradfield
(3) has summarized three possibilities . First, the
constancy of the 9 + 2 pattern might arise "from
the intrinsic properties of the proteins forming
the 11 fibers, such that during fibrogenesis only
the observed configuration can be produced by
the centriole or basal corpuscle." Second, the
pattern might be "the result of chance integration
of . . . bacterial flagella, which subsequently
became a rigid character for some genetical
reason, and not because it constituted the only
solution from a mechanical point of view ." Or,
third, it might represent the "only possible
mechanical solution" to the problem of ciliary
motion . Serra (8) has commented extensively upon
a fourth hypothesis, that the 9 + 2 pattern is
stable because of spatial properties "owing to
which no other number of fibers would be
normally possible ." According to Serra, the central
pair of filaments is produced by the centriole'sFIGURE  1 
Cross sections of lateral cilia from an Elliptio gill. At the arrow, the variant cilium is seen; all other cilia 
have the usual 9  -[- 2 pattern.  X  63,000. 
property  of  dividing  when  it  attains  a  certain 
mass,  while  "the  peripheral  pairs  similarly 
produced,  form  in  the  part  proximal  to  the 
centriole as an ellipse with 9  unequal sectors. This 
is the number necessary to fill the available space." 
A  chance observation, which was made during 
a  study  of a  large  number  of cilia  from  the  gill 
of the  fresh  water  mussel  Elliptio  complanatus,  has 
consequences  which  allow  re-evaluation  of  these 
hypotheses. 
MATERIAL 
A  mussel gill was excised into spring water,  fixed in 
1  per  cent  buffered  osmium  tetroxide  for  1  hour, 
dehydrated,  and embedded in methacrylate accord- 
ing to the usual procedures. Sections of the embedded 
material  were  cut  on  a  Porter-Blum  microtome, 
spread,  stained with  uranyl  acetate for  1 hour,  and 
sandwiched  for  viewing  in  the  Philips  EMU  100A 
electron microscope. 
DESCRIPTION 
Fig.  1  shows  a  series  of  cross-sections  of  lateral 
cilia from  the Elliptio  gill.  At  the  arrow,  a  cross- 
section  is  seen  which  differs  from  the  ordinary 
pattern:  the  two  central  filaments  appear  to  be 
surrounded  by  twelve  peripheral  filaments.  The 
peripheral filaments all have  the usual  structure, 
but  they  are  not  arranged  in  a  strict  circle,  nor 
in an ellipse,  around  the central pair.  The ciliary 
membrane  has  expanded  around  the  extra  fila- 
ments.  Aside  from  this,  the  structure  of  the 
membrane, the central pair, and the ciliary matrix 
seems quite ordinary. 
All  the other cilia in the field show  the 9  -b  2 
pattern.  They fit almost exactly Afzelius' descrip- 
tion (1)  of the ciliary pattern in sea urchin sperm 
or  Gibbons'  description  (4)  of  Anodonta  cilia. 
Bridges are found between filaments 5  and 6,  and 
spokes  between  the  central  pair  and  the  outer 
ring. 
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Schematic representation  of normal ciliary cross-section  (left)  and variant cross-section  (right).  See 
text for explanation. 
Fig.  2  provides  a  diagrammatic  comparison 
between the normal cilia and  the variant.  Appar- 
ently the extra three filaments (numbered  10 to 12) 
of the variant duplicate the set of filaments 5 to 7, 
since there is a bridge between filaments 10 and  11, 
and  the spatial arrangement of filaments  10 to  12 
appears  identical  with  that  of filaments  5  to  7. 
Measurement reveals that the length of a  periph- 
eral  doublet  in  the  normal  cilia is  37  m/~  (aver- 
age of 45 measurements) ; in the variant, filaments 
1  to  9  average  39  m/z  in  length,  and  filaments 
10 to 12, 40 m/z. So there is no real difference in the 
filament units  between  normal  and  variant  cilia. 
Nor  does  the  distance  from  filament  to  filament 
vary,  except that  the  wedge of extra  filaments is 
inserted between filaments 4  and  5 in the variant. 
DISCUSSION 
The variant cilium shown in Fig.  1 is the first and 
only variation yet known that affects the organiza- 
tion  of the  peripheral  filaments  in  a  cilium  that 
would normally be motile.  Shapiro et al.  (9)  have 
claimed  that  a  single  central  unit  is  consistently 
found  in Haematolaechus  sperm  tails,  and  modified 
cilia  from  which  the  central  pair  of  filaments 
is missing are also known  (see 6), but the observa- 
tion  here  differs  from  these  prior  cases  in  two 
respects.  First,  this  is  the  first  case  involving the 
peripheral ring of nine.  Second, the variant here is 
abnormal in the sense that  the other cilia around 
it show  the  normal  9  +  2  pattern. 
It is possible to explain away the modified cilia 
on  functional  grounds  (6),  and  even  the  Haerna- 
tol~echus observation can be explained as a  unusual 
reaction  of  the  central  pair  (and  sheath)  to  the 
fixation procedure,  but  the finding reported  here 
is  unequivocal  and  should  suffice  to  eliminate 
all hypotheses explaining the evolutionary stability 
of the  9  +  2  pattern  in  terms  of this  being  the 
only  possible  geometrical,  mechanical,  or  spatial 
arrangement  of  the  filaments.  Of  course,  it  is 
impossible  to  say  whether  the  variant  was  func- 
tional (motile) or not; nevertheless, its structure  is 
not  so  drastically  altered  as  to  preclude  motion. 
No filament unit of the variant seems altered in 
either composition or dimension from the normal. 
This  probably  indicates  that  the  variation  is  a 
developmental  error,  not  involving  changes  in 
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possibly  akin  to  a  twinning  phenomenon  at  a 
grosser  morphogenetic  level.  Fig.  2  is  drawn  to 
suggest  that  the  form  and  arrangement  of  the 
bottom half of the cilium (filaments  8,  9,  1 to 4) 
are  completely  unaltered,  and  that  incomplete 
division  is  responsible  for  the  replication  of fila- 
ments 5 to 7. It is interesting to note that the dupli- 
cation  involves  three  filaments  (one-third  of the 
peripheral  complex)  including the  filaments with 
the  distinctive  bridge,  but  it  seems  too  early  to 
speculate  about  the  significance  of  this  numer- 
ology. 
Because  there  are  many  (~  200)  cilia  on  a 
single  lateral  cell of Elliptio,  the variation  in  one 
cilium  alone  is  probably  not  of nuclear  (genie?) 
origin.  Seaman  (7)  has concluded  that  the ciliary 
basal  bodies  of  Tetrahymena  contain  DNA.  This 
could  mean  that  basal  bodies  (or  centrioles)  in 
general  possess  the  information  necessary  to 
produce  and  organize  their  overlying  cilia  and 
that  here we are  dealing with  a  mistake  in  basal 
body  (centriolar)  duplication.  The logical conclu- 
sion from such  reasoning is that,  in specific cases, 
the  fine  structural  morphology  of cells would  be 
under  cytoplasmic,  rather  than  nuclear,  control. 
It  appears  likely that  centriolar  duplication  is 
involved  in  the  morphogenesis  of  cilia,  particu- 
larly  in  the  determination  of dimensions  of  the 
filament  units,  since  there  is  a  one-to-one  corre- 
spondence between the peripheral  doublets of the 
cilium and the triple units (4) comprising ordinary 
centrioles  or  basal  bodies.  However,  purely  geo- 
metrical considerations seem insufficient to account 
for  the  stability  of  patterning  of  the  peripheral 
filaments  throughout  the  bios,  since  these  fila- 
ments need not lie in an ellipse around  the central 
pair,  but could,  as in the variant,  be arrayed  in a 
more complex manner. 
The obvious and  significant result of this study 
is that  at  least major variations  in  the  peripheral 
complex  of  ciliary  filaments  can  occur.  Since 
variants  of  cilia  can  arise,  the  9  -k  2  pattern 
must  be  stabilized  evolutionarily  because  it 
possesses  some  selective  advantage  over  other 
patterns.  The reason  behind  the  selective advan- 
tage of the 9  q- 2 remains obscure for the moment; 
it  is  this  that  should  be  sought  in  study  of  the 
efficiency of development,  function,  and  shape  of 
the cilium. 
SUMMARY 
A  single variant  cilium has  been found  among  a 
field of normal  cilia of the lateral  cells of the  gill 
of  Elliptio  complanatus.  The  variant  possesses 
twelve  peripheral  filaments  instead  of  the  usual 
nine;  the  structure  of  these  filaments  and  the 
other  parts  of the ciliary stalk  is normal,  but  the 
filaments  do  not  strictly  form  a  ring  around  the 
central  pair.  This  implies  that  the  usual  ciliary 
pattern,  9  -t-  2,  is  maintained  by  selection  be- 
cause  it  functions  most  efficiently in  motility  or 
development,  and  not  only  for  geometrical  or 
spatial reasons. 
This  observation  was  made  while the  author  was  a 
graduate  fellow  of The  Rockefeller  Institute,  New 
York. 
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